A descending inhibitory mechanism from the periaqueductal gray (PAG) to the spinal cord through the nucleus raphe magnus (NRM) is strongly involved in endogenous analgesic system produced by acupuncture stimulation. In addition to the PAG to NRM system which descends in the medial pathway of the brain stem, the nucleus reticularis lateralis (NRL) situated in the lateral part of the brain stem is reported to play an important role in modulating centrifugal antinociceptive action. In the present study, to clarify the role of NRL in acupuncture analgesia, we investigated the response properties of NRL neurons to acupuncture stimulation. The majority of NRM-projecting NRL neurons were inhibited by electroacupuncture stimulation. This effect was antagonized by ionophoretic application of naloxone, indicating that endogenous opioids act directly onto these NRL neurons. By contrast, about half of spinal projecting NRL neurons were excited by electroacupuncture stimulation, suggesting that part of the NRL neurons may modulate pain transmission directly at the spinal level.
INTRODUCTION
A descending inhibitory mechanism from the periaqueductal gray (PAG) to the spinal cord and through the nucleus raphe magnus (NRM) is strongly involved in the endogenous analgesic system produced by acupuncture stimulation (Han and Terenius,1982, Kim, et al., 2006) . Direct evidences of descending inhibition in acupuncture analgesia are the facts that acupuncture stimulation can modulate neuronal activities of the NRM neurons (Toda, 1982) , and that analgesic effects induced by acupuncture stimulation are attenuated after NRM lesion (Du and Zhao, 1976, Zhao, 2008) .
In addition to the above-mentioned PAG to NRM system which descends in the medial pathway of the brain stem, the nucleus reticularis lateralis (NRL), situated in the lateral part of the brain stem, is reported to play an important role in modulating centrifugal antinociceptive action (Sandkuhler, et al., 1988, Murphy and Behbehani, 1993a) . Hall et al. (1982) and Morton et al. (1983) reported the functional contribution of the NRL in the nociceptive modulatory system, showing that electrical stimulation of the NRL alleviates selectively nociceptive responses from the dorsal horn of the spinal cord (SC) in the cat.
Antinociceptive effects evoked by NRL stimulation on the behavioral responses were reported by Gebhart and Ossipov (1986) , who showed that the tail-flick reflex was fairly suppressed by electrical or glutamate stimulation of the NRL in rats. These evidences suggest 4/23 that excitation of NRL neurons can provoke the analgesic effects through descending pathways to the SC. Therefore, regarding descending antinociceptive mechanisms in acupuncture analgesia, it is probable that acupoint stimulation could induce modulation of analgesia-related NRL neurons.
Histological studies showed that NRL neurons have complex input-output relations from-to various parts of the central nervous system (Janss and Gebhart, 1987 , Pretel, at al., 1988 , Murphy and Behbehani, 1993a , 1993b . It is thought that important descending analgesic mechanisms underlying acupuncture analgesia work through connections from NRL to NRM and from NRL to SC. Therefore, in the present study, to clarify the role of NRL in acupuncture analgesia, we investigated the response properties of NRL neurons after acupuncture stimulation and compared the response patterns of NRM-projection (NRL-NRM) and SC-projection NRL (NRL-SC) neurons.
Methods
The methods described here follow the ethical guidelines and received approval by the Animal Welfare Committee of Nagasaki University.
Fourty-four female Wistar albino rats weighing about 300 g were used in the present study.
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The animals were lightly anesthetized with thiamylal sodium (Isozol, Nippon-Iko Pharmacy, Toyama, Japan), given initially 80 mg/kg intraperitoneally and additionally 10 mg/kg intravenously as needed throughout the experiment via a cannula inserted into the femoral vein. Respiratory conditions, blood pressure, and rectal temperature were continuously monitored and maintained within normal physiological levels throughout the recording session. Electrical signals were amplified by a biological amplifier (DAM-80, WPI Instruments, Sarasota, USA) and instantaneous firing frequencies were continuously recorded on a chart recorder (SEN-3, NEC-Sanei, Tokyo, Japan).
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To test whether changes in NRL activities were induced by the endogenous opioid system or not, Naloxone was injected microionophotetically for 30 s, 60 s after the cessation of acupuncture stimulation, by passing an anodal current of 40-60 nA (IP-600, Physio-tech, Tokyo, Japan).
Projection neurons to NRM or to SC were identified by antidromic activation from electrical shocks applied to the ventral part of the NRM or dorsal horn of the SC through a concentric needle electrode (outer diameter: 1.0 mm, inner diameter: 0.1 mm) ( The intensity of electroacupuncture stimulation was the one with which moderate muscle contraction was evoked very near to the Ho-ku point. These intensities (ranging from 40 to 70 μA) were about 5 times the threshold for evoking a minimum twitch. In the present study, 7/23 application of electroacupuncture stimulation was applied in one rat one to three times, as we have previously showed that the effects of electroacupuncture are reproducible through repeated trials (Toda, et al., 1980) . The sites of recording in the NRL were histologically identified by making an electrical lesion using a 2-mA DC current passing for 2 min. At the end of experiment, the rat was killed by an overdose of thiamylal sodium.
The paired t-test was used to determine the statistical significance of the data before and after 
RESULTS
Data were collected from a total of 77 NRL neurons. Twenty-seven neurons had projection to NRM (NRL-NRM neurons) and 50 neurons had descending projection to SC (NRL-SC 8/23 neurons) (Table 1) . Neurons having projections to both NRM and SC were not found in the present study.
Responses of NRL-NRM neurons
The firing pattern of spontaneously active NRL-NRM neurons was quite irregular, as shown by the variability in instantaneous firing frequency . Unit activities of about 70% of the NRL-NRM neurons (19/27) were inhibited after electroacupuncture stimulation (TYPE I). Ongoing activities of three neurons (11%) were excited after electroacupuncture stimulation (TYPE E). Excited responses were not affected by ionophoretic application of naloxone.
Activities of five neurons (19%) were not changed (TYPE O) after acupuncture stimulation (Table 1 ). Mean firing rates before and after electroacupuncture stimulation were 3.87 and 9/23 1.44 Hz in TYPE I, and 2.63 and 4.20 Hz in Type E, respectively (Fig.3, upper trace) .
The highest percentage of the descending NRL-NRM neurons were found in the rostro-medial part of the NRL; however, there was no significant tendency for the distribution of the three types of NRL-NRM neurons (Fig. 4) .
Responses of NRL-SC neurons
In NRL-SC neurons, there were five TYPE I neurons (10) . Ongoing activities in 24 neurons (48%) were excited (TYPE E) after electroacupuncture stimulation. Mean firing rates before and after electroacupuncture stimulation were 3.10 and 1.32 Hz in TYPE I, and 1.99 and 4.07 Hz in Type E, respectively (Fig. 3, lower trace) . Figure 5 shows a typical example of on-going activities of the TYPE E -NRL-SC neuron before and immediately after the cessation of 15 min-acupuncture stimulation of Ho-Ku, and the effects of ionophoretic injection of naloxone (60 nA, 30s). In this neuron, naloxone did not alter acupuncture-induced neuronal responses. Forty-two percent of the NRL-SC neurons (21/50) were unaffected by electroacupuncture stimulation (TYPE O) ( Table 1 ).
Histological investigations revealed that most NRL-SC neurons were found in the caudal-lateral part of the NRL (Fig. 6) . As in NRL-NRM neurons, NRL-SC neurons showed 10/23 no significant tendency in spatial distribution of unit types.
DISCUSSION
The present study demonstrated that the majority of NRL-NRM neurons are inhibited by electroacupuncture stimulation. These effects were antagonized by ionophoretic application of naloxone, indicating that endogenous opioids act directly onto NRL-NRM neurons. In (Beitz, 1982a,b) . Furthermore, PAG has strong projection both to the NRM and the NRL (Lovick, 1993) . These findings suggest that there are at least two pathways for the descending inhibition to the spinal cord.
The present study revealed that the NRL has two different functions in the antinociceptive system elicited by electroacupuncture stimulation: one is a direct descending effect on the spinal nociceptive transmission-neurons, the other is a modulatory effect on NRM neurons. The NRL cells have been reported to contain opioid binding sites (Atweh and Kuhar, 1977, Pearson, et al. 1980 ). In our study, acupuncture-induced inhibition was antagonized by ionophoretic application of naloxone, suggesting that acupuncture-released endorphins may have produced this inhibition.
2) Role of NRL-SC neurons
About half of NRL-SC neurons were excited by electroacupuncture stimulation. In a previous study by Gebhart and Ossipov (1986) , it is apparent that electrical stimulation of NRL can inhibit the tail-flick reflex in rats. This inhibition is produced by descending mechanisms and mediated at least in part by spinal adrenoceptors (Pertovaara, 2006) . Therefore, noradrenergic fibers whose cell bodies are situated in the NRL directly inhibit pain transmitting neurons in the spinal cord. This may be due to enhanced neuronal activity of NRL-SC neurons elicited 13/23 by electroacupuncture stimulation. Naloxone did not antagonize the electroacupuncture-induced increase in the activation of NRL-SC neurons, indicating that opioids were not involved in this enhancement.
In conclusion, NRL has two different functional roles in acupuncture analgesia. One is the disinhibition of NRM neurons; the other is the direct descending inhibition to the spinal cord.
The former can modulate descending inhibitory pathways from PAG through NRM.
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